This paper provides field experiment-based evidence on the potential additional forest carbon sequestration that cleaner and more fuel-efficient cookstoves might generate. The paper focuses on the Mirt (meaning "best") cookstove, which is used to bake injera, the staple food in Ethiopia. The analysis finds that the technology generates per-meal fuel savings of 22 to 31 percent compared with a traditional three-stone stove with little or no increase in cooking time. Because approximately 88 percent of harvests from Ethiopian forests are unsustainable, these findings suggest that the Mirt stove, and potentially improved cookstoves more generally, can contribute to reduced forest degradation.
Introduction
Nearly half the world's population relies on solid fuels, such as wood and charcoal, for cooking (IEA, 2014) . In Sub-Saharan Africa, however, 68 to over 90% of the population relies on biomass solid fuels (Rehfuess, 2006; Smith et al., 2004) and in Ethiopia, which is the focus of this paper, the percentage is over 90% (Beyene et al, 2013) . To try to improve energy access, particularly for households currently relying on solid fuels, in 2011 the United Nations launched the Sustainable Energy for All Initiative.
A well-known consequence of this dependence is high levels of household air pollution exposures, especially for women and children (Smith et al., 2004) . WHO estimates that 4.3 million people die prematurely every year due to these exposures, which is more than the 3.7 million total premature deaths attributable to ambient air pollution (Martin et al., 2011; WHO, 2014) . All but 20,000 of these deaths are in lowand middle-income countries, with 3.6 million premature deaths in the Asia and Western Pacific regions and 580,000 in Africa. Ethiopia is estimated to be one of only four countries worldwide that simultaneously have highest levels of fuelwood consumption per capita, household air pollution disease burden and nonrenewable biomass utilization (Bailis et al, 2015) . This paper evaluates the performance of the Mirt 1 improved biomass cooking stove (ICS, see Figures 1 and 2) compared with the traditional cooking technology, which is a three-stone stove. The paper makes three contributions to our understanding of the economics of cookstoves. First, to evaluate the performance of the Mirt stove compared with the traditional cooking technology, we apply a rigorous evaluation methodology that allows us to estimate the per-meal Mirt ICS fuel savings when used by real people in real houses (instead of experimental kitchen conditions) to cook injera, which is the main staple bread in Ethiopia. Reducing fuelwood to cook injera is important, because it 1 Mirt means best in Amharic language and has been promoted by the German aid agency GIZ since 1998.
Our study is part of a larger research project that also includes analysis of Mirt stove use.
3 | P a g e represents the end-use for a majority of fuelwood consumed in the country (Practical Action Ethiopia; Bizzarri, 2010) .
Second, using a satisfaction survey our study examines whether people are likely to actually want to use the Mirt ICS and assesses the attributes users prefer. This CCT evidence on per-meal fuelwood savings and inferences regarding satisfaction allow us to shed significant light on the potential for ICS adoption to serve as an input-based REDD+ contract element. Finally, we analyze the determinants of fuelwood savings within this field experiment framework with a special emphasis on 6 randomized monetary incentive, price and networking behavioral treatments.
Concurrently with well-warranted concerns about the heavy reliance on biomass fuels in developing countries, climate change has emerged as an important environmental threat. Evidence published in March 2013 suggests that the earth is now on average hotter than about ¾ of the last 11,000 years (Marcott et al., 2013) and IPCC (2014) assessed with medium confidence that the period 1983-2012 was hotter than the last 1400 years.
Based on ice core evidence, IPCC (2014) also estimates that the concentration of greenhouse gases in the atmosphere is now higher than at least the last 800,000 years (known for sure) and the rate of increase in the last century is unprecedented in the last 22,000 years (high confidence). As Martin Weitzman noted in a non-technical review, "An unprecedented and uncontrolled experiment is being performed by subjecting planet Earth to the shock of a geologically instantaneous injection of massive amounts of greenhouse gases." (Weitzman, 2011) A critical part of the international response to the climate change threat is the UN Collaborative Programme on Reducing Emissions from Deforestation and Forest Degradation (REDD+), which is seeks to mobilize finance from the developed countries for developing countries like Ethiopia to fund measurable reductions in deforestation and forest degradation. These reductions represent potentially important climate change contributions, because deforestation and forest degradation account for between 12% and 20% of annual CO2e emissions. In the 1990s, largely from the developing world, forests released about 5.8 Gt per year, which was more than all forms of transport combined (Saatchi et al., 2011; van der Werf et al., 2009) . Bailis et al. (2015) estimate that worldwide emissions from fuelwood are approximately 1 Gt CO2e per year.
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In general, the drivers of deforestation in low income countries like Ethiopia are varied and often have proximate and underlying causes (van Kooten and Bulte, 2000) , with land use change considered to be the major one (Angelsen and Brockhaus, 2009 ).
But, there are still debates on the contribution of firewood usage to deforestation. For example, some question whether collecting firewood does not lead to deforestation and forest degradation (Arnold et al. 2006) , while others point to it as a key driver, mainly in Africa (Kaimowitz & Angelsen, 1998) . The literature also suggests that the causes of forest biomass loss vary by region. Based on an analysis of a wide range of case studies in tropical countries, Geist & Lambin (2002) find fuelwood harvesting to be an especially important cause of deforestation in Africa. Accounting for about 87% of the country's final energy consumption (Gebreegziabher and van Kooten, 2013) , fuelwood likely constitutes the most important cause of deforestation in Ethiopia.
Perhaps complicating efforts to reduce deforestation, about 25% of these developing country forests are in some way community controlled (Bluffstone and Robinson, 2013) and in most cases in these forests fuelwood is unsustainably harvested and therefore a source of net CO2 emissions; this is largely the case in Ethiopia, where an estimated 88% of forest harvests are nonrenewable (UNFCCC, 2012) . If forests are indeed such a significant source of greenhouse gas emissions and unsustainably harvested community forests are a large part of world forests, it is difficult to imagine credibly addressing climate change without explicitly addressing the opportunities and challenges associated with bringing community forests into REDD+.
Because monitoring and verification of carbon sequestration can be challenge in such settings, there is an interest in input-based REDD+ compliance measures for which impacts can be reliably estimated. Improved cooking technologies that are appropriate and use less fuelwood is one class of measures. No less compelling, however, is the potential for immediate benefits to households from less indoor air pollution and reduced fuelwood collection time.
Shifting to alternative energy sources is certainly the end goal, but reliance on biomass fuels is likely to continue for the vast majority of people in Sub-Saharan Africa.
Commercial energy options, such as natural gas, LPG and electricity, require major public infrastructure investments, supply chain development and purchase of expensive 5 | P a g e stoves. From the household perspective, these fuels and technologies are extremely expensive and typically unreliable in supply.
ICS technologies that use less biomass have therefore received significant attention as important intermediate technologies (Jeuland and Pattanayak, 2012) , most of which use fuelwood, the most important biomass fuel. ICSs have important advantages, because they typically do not involve sophisticated technologies and may require only minor changes in household cooking habits. These important features can make them very attractive if meals can be cooked with less wood, ICSs are adopted and subsequently regularly used by households.
The Federal Government of Ethiopia is promoting the use of ICS as a key part of its REDD+, environmental and health agendas. Though activities are just beginning, the government has declared its intention to distribute 9.4 million stoves within five years.
Achieving this goal would imply that roughly half the households in Ethiopia would use improved biomass stoves. Most of these stoves designed to more efficiently cook injera.
The Mirt injera stove, which is currently being promoted in Ethiopia and is the focus of this paper, has been found to save fuelwood under laboratory conditions (Megen Power Ltd, 2008) and using survey methodologies (Dresen et al., 2014) , but its performance in the field using field experimental approaches common in the impact evaluation literature (Duflo et al, 2008) has not yet been fully evaluated. Moreover, while it is believed to be better from a technical perspective in terms of fuel consumption, its strengths and disadvantages from the user standpoint are not well understood; there is, therefore, no guarantee that on the balance households will find them to be "improved."
Households therefore take on risk and potentially incur costs when they adopt the Mirt stove, costs that could be compensated under REDD+. 
Key ICS Literature
Policy momentum behind improved biomass cookstoves was very strong through the 1980s as concerns about deforestation and impending shortages of fuelwood built under the heading of the firewood crisis (e.g. Foley and van Buren, 1980) . The optimism for improved stoves is reflected in a veritable flood of grey literature reports and guides that promoted improved cookstoves (e.g. Shaye et al, 1984; Borthwick and Howard, 1988) . Ex post program evaluations were often lacking by modern standards (e.g. Bluffstone, 1989; Wood, 1983; , however, and were often done by organizations actively promoting such technologies.
By the 1990s the urgency of the fuelwood crisis had died down as it became clear that market adjustments could reduce potential crises (Bluffstone, 1995) and criticisms were widespread (Manibog, 1984; Gil, 1987; Jones, 1988) . Barnes et al (1993) , for example, argue that a key reason for disappointing results was that fuelwood savings had typically been overestimated. More recently, Mobarak et al (2012) argue that improved cookstoves are adopted and used at puzzlingly low rates because users -particularly women -do not perceive indoor air pollution as a significant health hazard. They therefore prioritize other needs over ICS adoption and are not willing to pay much of ICS. They emphasize designing and disseminating ICS with features that are highly valued by users, such as reduced operating costs.
The importance of the almost 3 billion people who cook with wood on a regular basis remains, however, and in recent years improved biomass cookstoves have regained 7 | P a g e traction as a potential solution to important problems. Of special significance is the Global Alliance for Clean Cookstoves, which was founded in 2010 and seeks to foster adoption of clean cookstoves and fuels by 100 million households by 2020.
Contemporary improved biomass cookstove programs may be different from the past in important respects. Perhaps the most important reason is that the raison d'être has largely shifted. In the 1970s -1990s the focus was on fuelwood shortages, but this has changed to an emphasis on the pollutants emitted by cookstoves (Jeuland et al., forthcoming) . Of particular interest are effects of biomass dependence on indoor air quality, greenhouse gas and black carbon emissions (e.g. Smith et al, 2007; Grieshop et al, 2011; Hanna et al, 2012) .
Second, additional financing mechanisms are increasingly in play (Lewis and Pattanayak, 2012) . About a quarter of stove programs in 2010 indeed received or were planning to receive voluntary carbon market or CDM resources. Improved cookstoves are now also typically sold to users for full or subsidized cost rather than distributed free (Gifford, 2010) .
Finally, early evaluation methods have in some cases been replaced by more rigorous approaches, including randomized distributions of improved cookstoves with traditional stove controls. Using a CCT method that is similar to the one used in this paper, Burwen and Levine (2012) evaluate a locally made and designed wood burning cookstove in Ghana. They find that the stoves on average reduce fuelwood to cook a standardized meal by 12%. Using electronic stove use monitors they also find that in general the stoves were used very frequently. Bensch and Peters (2013) conduct an ex post evaluation of the Jambar charcoal stove promoted by the German bilateral aid agency GIZ in Senegal. They run CCTs in which cooks make typical dishes and evaluate outcomes empirically, which is similar to the approach we use in this paper. Using OLS with and without propensity score matching, they find that the Jambar stove reduces charcoal to cook typical meals by 25% compared with traditional (Malagasy) stoves.
In a free randomized control trial also in Senegal, the same authors find that fuel saving per meal cooked on the Jambar stove compared with a control group is even higher at 48%. They also find a suite of co-benefits associated with the virtually 100% 8 | P a g e use of the stoves, including fewer eye infections and less cooking time (Bensch and Peters, 2012 ).
Thakuri ( By 2011 approximately 455,000 stoves had been commercially distributed (GIZ-ECO, 2011) and a project impact study was conducted. The impact study focused on a variety of program aspects, including producers trained, cumulative sales and stove uptake by region (Megen Power, 2008) . They also present case study vignettes of producers and users and evaluate fuelwood savings. The method to assess fuelwood savings is similar to the approach of Thakuri (2009), which is reminiscent of earlier evaluations that relied on observational data and user-reported savings with no control group. They find that Mirt stoves offer fuelwood savings of 50%.
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Experimental Methodology

Sampling and CCT Implementation
The data for our analysis were collected from 36 villages randomly selected from Amhara, Oromiya and Southern Nations, Nationalities and Peoples (SNNP) Regional
States. The number of villages from each regional state included in the sample was determined based on the forest cover of each state. These regional states represent about 80% of Ethiopia's population and over 70% of the land area.
Fourteen households from each village were randomly chosen to participate in the study, giving a total of 504 sample households. Of the 14 randomly selected sample households per village, 10 were randomly assigned as treatment households to receive a
Mirt stove and 4 were identified as controls. Three households from each treatment group in each village were randomly selected to participate in CCTs. After receiving informed consent, the CCTs were conducted for both Mirt and traditional three-stone stoves in users' kitchens by household cooks without any direction other than initial orientation (all in-home, some in group as well) from enumerators. Because of the field setting and the use of standard, local fuels and cooking materials, we expect cooks to behave during CCTs as they would under day-to-day real-life conditions.
As cooks are observed during the CCT, it is possible that they might behave differently than when they are not observed. This is the so -called "Hawthorne" effect in which outside interventions change respondent behavior. What is most important for our case, though, is that in each study period the cooking task is performed identically and is equivalently observed when the CCT is done on the Mirt and the traditional stoves. As the measured effect is the difference between these two CCTs in the same household, we see no reason that a Hawthorne effect would bias the results Using this approach, households receiving the Mirt stove act as their own controls on the same day when the CCT is conducted on their traditional stove. That is, the counterfactual situation is simulated by making the same person prepare a meal on the traditional stove and the ICS. Such an approach avoids the need to assess differences in performance across households or across time, both of which can introduce confounding factors.
10 | P a g e We use a standard CCT implementation protocol discussed in Bailis et al., (2007) .
This protocol was chosen, because it allows us to compare traditional and improved stove fuel consumption and cooking time under field experiment conditions. The details of the measurement protocol are available at http://www.aprovecho.org/lab/pubs/testing. Our adaptation of the protocol for Ethiopian conditions is provided in Appendix A.
The CCT involved purchasing teff, which is the essential ingredient for baking injera. This was purchased either in flour or grain form. If it was in grain form it had to be ground and the flour provided to participants three days before the CCT so that they could prepare the dough. Participants were provided homogenous and equal quantities of all ingredients, which included eight kilograms of teff flour; 4kg for baking on the traditional three-stone stove and 4kg for baking on the Mirt stove. These amounts were derived from focus groups conducted prior to beginning the research and are believed to be typical of the injera dough cooked by a typical family at one time.
The team also supplied fuelwood for cooking that was similar in type across households. These resources not surprisingly differed across regions, but the CCT protocol adjusts for wood species and moisture content, which was measured using 2 Ethiopia is a multi-lingual country with over 80 languages. The fieldwork required that the enumerators are able to speak the dominant local/official languages in the study regions, i.e., Amharic and Oromiffa.
11 | P a g e moisture meters. Household cooks were identified based on who does most of the cooking in the household and the cooking was done with no input or prompting from enumerators. The CCT was supported by two field assistants to ensure high quality.
Information Provided to Respondents and Behavioral Treatments
Prior to seeking informed consent, participants were told that they were chosen randomly to receive a stove under the same terms as others in their village and were informed about the terms. They were informed about the purpose of the study and they knew why they were observed during the CCTs. Participants were provided with full information on stove features and they were aware of the expected fuel savings associated with the Mirt stove.
These terms (i.e. the behavioral treatments) were randomized at the village level, with sample villages assigned into six treatment groups. Thus, one treatment is randomly assigned to 6 villages, implying that 6 villages received the same treatment. All sample households in one village received the same treatment. Descriptions of the attributes making up the six treatments are provided in Appendix D. There were three aspects to each treatment, with only two levels of each aspect (present or absent) divided equally so one-third of all sites received each treatment aspect. These aspects are: 1) payment for stove use; 2) cost of the stove and 3) networking.
Separately from the CCT, respondents were also informed that if they agreed to participate, their stove use would be monitored using stove use monitors (SUMs) and that enumerators would come back to their houses to download data. As the SUMs results are discussed in detail in Beyene et al. (2015) and are not used in this paper, we very briefly cover this part of the research. Respondents were informed that SUMs would be placed on the stoves by enumerators, the device records the temperature of the stove and respondents were requested not to touch these temperature loggers. If they were moved, respondents were asked to put them back on the same spot using the provided heat resistant tape. Respondents were informed that the SUMs are safe at reasonable temperatures, but they are potentially unsafe if they are put in or very close to fires, because they have flammable components. If SUMs fall in the fire, they were told to remove them immediately and after they are cool replace them on the stove with the heat resistant tape.
In the first treatment aspect sites were randomly chosen to receive a 50 To test this randomization of our treatments we use wealth variance in forest user groups, existence of forest rules and regulations and percent of biomass change over 5 years. These variables/indicators are at the community level, which is the level of our randomization. Using Kruskal-Wallis tests we find no statistically significant differences in these important indicator variables across our sites. Test results are provided in Appendix E.
Empirical Methodology
To analyze the fuelwood use per-kilogram food cooked and the per-meal cooking time data we use two-sample t tests, often referred to as a "paired" or "paired difference"
13 | P a g e test (Zimmerman, 1997) . This is a method widely used to examine the effect of interventions. It is a hypothesis testing procedure for answering questions about means when data are drawn from two random samples of independent observations or from the same sample with repeated observations. In our case we have the same households participating in both rounds and each time participating in CCTs for both Mirt and traditional stoves. This statistical method is in principle very appropriate, though it is a parametric test and assumes an underlying normal distribution.
We run normality tests for the two outcome variables. Because fuel consumption is non-normally distributed, we augment the two-sample t test with the non-parametric two-sample Wilcoxon rank-sum (Mann-Whitney) test (Wilcoxon, 1945) . These results are very similar to those from the paired difference tests and are included in Appendix B.
We also analyze the determinants of fuelwood savings using regression analysis. Since we expect that the error terms for households in the same village might not be independent, we cluster standard errors at village level.
The variables related to household and cook characteristics, including age, marital status, education and occupation of cook, and family size, are obtained from a household survey conducted shortly after the Mirt stove was made available to respondents.
Variables generated from the CCT include specific fuelwood savings, changes in cooking time and environmental factors, such as ambient temperature and wind conditions at the cooking site during the CCT. Both groups of variables are included as controls in the regression. Summary statistics of variables used in the regression are provided in Appendix F.
Results
Stove Performance
To evaluate differences in fuelwood to cook the standard quantities of injera, we carry out three two-sample t tests. The first test utilizes the pooled data (i.e. for the two rounds together). The second test is by round and the third is by region.
As shown in Table 1 , using the pooled data we find that the Mirt stove on average uses 291grams less fuelwood (26%) per kg of food cooked than traditional stoves and this 14 | P a g e result is statistically significant at much greater than the 1% level. Results are similar when disaggregated by round, but we also detect a potential experience effect, because savings increase across the two rounds. While in the first round we find a mean fuelwood difference of about 227 grams (22%) per kg of food cooked (p =0.04), in round 2 (5-6 months later) we find a mean difference of about 353 grams, which is about a 31% fuel savings (p=0.0019) compared to the traditional stove (see Table 2 ). In the first round CCT the cooks use the Mirt stove without having any prior experience with the stove. We therefore believe the difference in fuel savings across rounds is attributable to repeated use of the Mirt stove during the intervening period, which allowed households to become familiar with the new stove and enabled them to use it more effectively.
The two-sample t tests by region show that the mean differences are statistically significant in the case of Amhara and Oromiya regions, but insignificant for SNNP (Table 3 ). In Amhara and Oromiya the statistically significant fuel savings from the Mirt stove are 24% and 26%, respectively (p=0.0015 and p=0.01). Our results therefore suggest that fuel savings can vary by region.
3 Table 4 presents the two sample paired t test results for cooking time using the pooled data. The CCT mean total cooking time for the Mirt stove is greater than for the three-stone tripod stove by 7.13 minutes and this difference is statistically significant at greater than the 1% level (p=0.0059). In the pooled sample, therefore, the Mirt stove appears to require more cooking time than the traditional technology.
Breaking the pooled data down by round, however, adds substantial insight. We find that the pooled data mean difference in time is driven largely by the first round data, which has a highly statistically different mean cooking time of 12.38 minutes (p= 0.0028). In the second round, after cooks had experience with their Mirt stoves, the cooking time was still greater, but a much smaller 2.14 minutes, which was not statistically significant (p=0.49). We believe this difference across time again suggests a learning effect.
Stove Satisfaction
During the satisfaction survey respondents were asked to rank the new stove using a five point Likert scale for each of the attributes listed in Appendix C. In contrast to our CCT, the satisfaction survey is based on reported rather than measured data and we cannot be sure that all respondents answered objectively, accurately and truthfully. The results below are therefore best viewed in broad rather than precise terms. For example, if only 15% of respondents said they liked a particular attribute, we can be confident the attribute is not popular, but after purging biases the popularity may be greater or less than 15%.
With these caveats, as shown in Table 5 we find that virtually 100% rate the Mirt stove as good or very good and over 80% of respondents give the Mirt stove the most positive ranking possible (very good). The same is found to be true for several attributes, but especially reduction of smoke (85% ranking very good and 14% good) and convenience to use compared with the traditional stove (83% very good and 16% good).
No more than 10% of respondents ranked any attribute below good, suggesting that in virtually all respects respondents say they like and prefer the Mirt stove.
Respondents were also asked if they would take the new stove if they needed to buy it at the current market price, which is between ETB150 and 200 ($8.00 -$12.00).
Perhaps surprisingly, about 90% of sample households said that they would buy it even if they had to pay full price.
Respondents were also asked if they would recommend that their neighbors buy the Mirt stove. As shown in Table 6 , about 75% said they would advise neighbors to buy the stove at full price. Substantial minorities would also suggest that neighbors take the stove if they were given freely (23%) or subsidized (27%). Only 4% said they would not recommend the Mirt stove to neighbors. There appears to be significant discussion of the Mirt stoves, because about 90% of respondents said they had given others advice regarding the use of the new stove and 42% had received advice.
To gauge the strength of preferences we asked respondents to rank their top three attributes. As shown in Table 7 , reduced fuelwood consumption and less smoke (indoor air pollution) turn out to be the attributes most preferred by households. Among attributes that households least valued, the top choice by a wide margin (69% of respondents) was reduction in cooking time. This finding is perhaps not surprising given that if anything the Mirt stove increases cooking time.
As respondents seem to value less smoke the most, we investigated the intensity and distribution of these respiratory health benefits. As shown in Table 8 , we see that over half the sample indicated that respiratory discomfort was less or much less with the Mirt compared with the traditional three stone stove. Among those who responded, though, as highlighted in Table 9 , women, children and men are the first, second and third most important beneficiaries of reduced smoke. 4 Most respondents agree that Mirt stoves reduce fuelwood collection and cooking time. For example, about three-fourths of households report cooking time savings. This result is puzzling and illustrates the difficulties in using reported data about time use, because measured time on average is more for the Mirt stove.
Only 4% of respondents say they did not use the improved stove for injera baking, though more than half also used it for cooking unleavened kita flatbread. Most households are therefore found to use the Mirt stove for its intended purpose. Fuelwood is the main cooking fuel (87%), but another 11% use dung and very few households use other fuels.
About 88% of respondents have a second stove and almost all of these are three stones. Approximately ¾ of those cooking with three stone stoves in addition to their
Mirt stoves say that they use it for making stews, coffee and breads like kita. Mirt stoves are primarily designed for injera baking, but as shown in Figure 1 in the previous section, the Mirt stove offers the opportunity to use waste heat before it exits up the chimney.
Around 84% of respondents say they use the chimney side of the stove for cooking activities, such as coffee making, cooking stews and boiling water. Most of the households say they use the Mirt stove 1-3 times a week for baking (85%) and in each session the majority (66%) of respondents say they bake 11-20 injera or less per session.
Another 18% made 21 to 30 injera per session; these amounts represent food for two to four meals for a typical family.
Determinants of Fuelwood Savings
We now present our analysis of fuelwood savings by combining household survey and CCT data. We employ robust pooled OLS, with errors clustered at the village level.
We provide regression estimates with and without treatment variables. Results are presented in Table 10 , with the dependent variable fuelwood savings (i.e., the difference in fuel consumption between traditional and Mirt stoves normalized by 100).
We include both linear and squared weight of final food cooked (i.e. weight of the injera baked) to control for possible nonlinear scale effects and results suggest significant diseconomies of scale of the Mirt stove. At the mean the first order elasticity of fuelwood savings with regard to food cooked is about -3.94.We also find that older, married cooks who primarily do non-household work enjoy more savings from the Mirt stove than others and that cooking under calm wind condition results in more fuelwood savings. We control for cooking time, because slow cooks may use more wood, but find no effect.
Regional state also appears to be a significant determinant of fuelwood savings.
Households in SNNP save less fuelwood than those in Oromiya and Amhara.
We analyze the effect of the randomized treatments on fuelwood savings by including dummy variables for each treatment, with treatment 5 (no payment, no use incentive paid and no network aspects) as the omitted category. Only treatment 2 has a statistically significant effect (positive), suggesting that providing incentives for using improved stoves along with network building and group training may increase fuelwood savings. That said, that other treatments have no statistically discernable effects suggest that the behavioral treatments are not important for per meal fuelwood savings.
Conclusions and Implications for REDD+
This paper analyzes the role that biomass cookstoves designed to be cleaner and more fuel-efficient might play in a REDD+ program through reduced fuelwood use and increased carbon sequestration. We utilize random samples from Ethiopia regional states that include about 80% of the country's population of over 90 million. We therefore believe our results are representative of and applicable to most of this very important country. In addition to contributing to the academic literature on the fuelwood savings of 18 | P a g e ICS, we also assess cooking time, user satisfaction and the effects of randomized contract terms (i.e. behavioral treatments) on outcomes. We believe these aspects are important contributions that move the literature forward.
We draw inferences from two rounds of CCT data and find that while the fuelwood savings are not as much as advertised, they are substantial and statistically significant. Because improved stove use has typically been such a barrier to success of improved cookstove programs, we also use a satisfaction survey to evaluate whether the Mirt stove is likely to actually be used.
Our CCT results suggest that Mirt cookstoves reduce fuelwood use by 22% to 31% compared to traditional three-stone stoves, which is similar to other results in the literature. Using the pooled data, the average 26% reduction implies savings of about 0.3 kg of fuel per kilogram of food cooked. This estimate only considers injera, though Mirt stove users also use the chimney side of the stove to cook other foods. We do not consider this in our analysis as these secondary benefits are not part of our CCT protocol.
We acknowledge that taking these estimates as the net benefit of using the Mirt stove to cook a meal supposes limited leakage in which households do not fully substitute the ICS for the traditional technology. That said, three features of the Mirt stove mitigate leakage. First, the Mirt stove is highly specialized for injera baking, which makes it very unlikely that it will be shifted to other uses. As shown in Figures 1 and 2 , for example, the cooking area is very large and is not designed for use with small pots. Waste gases can be utilized to cook stews and coffee, but the stove is designed for this to be done in conjunction with injera baking.
Second, we find that the Mirt stove is on average used 2-3 times per week, which is a very traditional and extremely typical interval for injera baking in areas without refrigeration. It is therefore very likely that on average most if not all injera baking (but perhaps not all cooking) is done on the Mirt stove.
Finally, it is very unlikely that any increase in real income due to Mirt stove adoption would be realized as significant increased cooking. Our study areas do not have refrigeration, so households that cook injera must eat them within one to three days to avoid possible bacterial infection. It is, of course, possible that as real income increases, households over time are able to add extra coffee or stews (typically eaten with injera) to their diets or marginally increase their injera consumption. These effects -due to the nature of the cuisine and the Mirt technology -are expected to be very limited, however, causing us to not be overly concerned with leakage.
What factors determine fuelwood and time savings? First, over time -possibly as cooks gain experience -they cook meals more quickly and use less wood. Additional analysis is needed to evaluate whether wood savings stabilize at 31% or if they increase further over time, because it could imply that the 26% average savings is too conservative.
Second, our analysis highlights the importance of regional variation. In relatively forest-rich SNNP Regional State during the CCT we detect fewer wood savings, while gains are observed in Amhara and Oromiya. We are only speculating when we mention forest quality as a potential explanation, however, and additional research is needed.
Fuelwood savings are also affected by the quantity of food cooked, characteristics of cooks and the cooking environment. Concerning the treatment variables, we find no systematic effect on fuelwood savings. Finally, our satisfaction survey suggests that people like the Mirt stoves and want to use them. We find that reduced smoke is a particularly important Mirt stove attribute.
What might these findings mean for carbon sequestration and user incentives? In this paper we estimate the fuelwood saved per kilogram of food cooked, which is largely determined by the (fixed) amount of teff flour provided, and we do not know the actual amount of teff flour used in uncontrolled cooking events. Though based on focus group results we believe the amount of injera dough cooked in the CCT to be typical, in reality carbon savings are dependent on the actual quantity of food actual cooked and the cooking frequency; the more food that is typically cooked during each event and the more frequently the Mirt stove is used, the larger will be the savings. We therefore view carbon savings results as indicative and suggest necessary extensions.
Typically, half of wood biomass is estimated to be carbon (Pearson et al, 2007; MacDicken, 1997 Unless households use the Mirt stoves more intensively (e.g. by cooking more than the four kilogram of teff flour provided in the CCT), the carbon benefits generatedeven if fully compensated at market prices -cannot drive adoption and use if households are motivated purely by financial benefits. Households must therefore also find the stoves to be appropriate for their private needs. In other words, Mirt stoves must offer users significant private non-carbon finance benefits if they are to be enticed to use them.
Our results suggest that such additional benefits exist. People seem to like the stove, which likely implies that in the field the stoves are regularly used, and reduced fuelwood consumption and less smoke are the most important services. Most participants even say they would buy the new stove at the full market price and would recommend that their neighbors do the same. There appears to be significant discussion of the Mirt stoves, because about 90% of respondents say they gave others advice about the new stove and 42% had received advice. This is also interesting from the perspective of how to implement promotion programs, because it might be enough to teach people and allow others to get recommendations from others.
Respondents note that respiratory discomfort is much less with the Mirt stove than the traditional one and they say that women and young children are the prime beneficiaries. The smoke benefit requires more detailed examination, however, particularly as it is not only an inconvenience, but also a major human health hazard.
Remaining is to actually measure any reductions in indoor air pollution and draw potential inferences for economic outcomes and human health.
Much better than asking respondents how well they like the Mirt stove is to document through measurement that they use them frequently enough that they probably are not cooking injera on more than one stove. Such analysis would provide evidence regarding rebound effects that could reduce fuelwood savings or even increase fuel consumption. This task is left for the future. 
